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5 &mfrm 
io m^k&m 

JHStt^ (Embryonic Stem. ES) ftBl& (£tT, ES^BJ9& <b <b V> 5 ) fit. 3D 
ft, ^tufcifll/B LT»il4i?o4^, jte«HE*©»**^-C©W«: 

M\ ^©H^fc «: italic 7 p— 9->f by -t? g ft©#S)&£*l§t-r 5 

BSX^ S'lflB-) ,3lJBtt, P60-66 (1999)/Yamashita J, Itoh H, 
Hirashima M, Ogawa M, Nishikawa S, Yurugi T, Naito M, Nakao K, 
Nishikawa S. Flkl-positive cells derived from embryonic stem 
25 cells serve as vascular progenitors. Nature 408(6808): p 92-6 (20 
00) ) c 
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m^zt-rzxmk urn, nxxoMffe^mtj^ftzii-zft* (it^^) 

5 (n~fu=t — 9— fBJfcTfc'*' — # — rifted £o/j^fc;ifi&;iiifc J f L £ES&|B 

fcttJfiSrftJSiJU ¥.HIi-5*fe)i5^^^tuTV^5 (Andressen C, 
Stocker E, Klinz FJ, Lenka N, Hescheler J, Fleischmann B, 
Arnhold S, Addicks K. Nestin-specif ic green fluorescent protein 
10 expression in embryonic stem cell-derived neural precursor cells 
used for transplantation. Stem Cells 19(5):419-24 (2001)) „ r. <D 

m n » s e ^ & *n la w a «j k » m $ * r -t © as #j & je v * x e w an ® 

*«r»»J-r5#8U «fc5^li#AWfc«fi©jaS#T?*fe^*#^*r»l 
15 |&4#AttK:36^£**r ifc:,fc 8 7 h !) - tSKcSJSI: 

b^L N r^e>0*jfett«IBJfi<|*A6«JJfe^n*~^-©ett (IB^M) 

+&t£m&<Di"-* - ita-^ © as m& n e> n-r s ffomifo &mm x- # & v> 

P*ISI«:«v>fcas&l*#i: IT B tfJiBflaSr^itT? t fc v> c £ 
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- * - jt e & a £ $ * s fc * k + # tt a <d m m £ «r & t *- s r <b k x 
15 e^©wic5 , afl^e.iaesnfc5S2©3iatfe^DNAts: % «-*Ett#a 

Xfiflf 2 o»iDNA©H4MSS^oiA?:, Jte^AJfl"** * 

20 9 -3rllv>5 r i d5T-# 5, 

#3B0itt % -hfB3BW©& 1 ©lltx:DN A&tf/Xlifi? 2 (Dfi 

£fc, #3BWB\ ±fi<om 1 ©/fc&J&X-DNASr^frfil 1 ©jftte^A 
ffl^ ^-X«±lBcDm 2 ©ia»x.DNASr-&tplB2 ©atfi^WA^^ 
25 ^^-T*fc5„ 

3:7c. #38SHtts ±!3©m 1 ©M^XLDN A^^-tf^ 1 Oitfe^-^A 
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li^^-h ±IBW^2(DMmxDNA^^A^KfcKt4^a^t ^ 
M 7L tz. m ^ *B fl£ A» 6 55- it L re S #} » ]& O ii S i J lM> DUE X f ± W ffi f fc * jfe { c 

20 ESSm&^Sl&V^oaiipttft^jfeH:, Brigid Hogan{&l\ ft rt— til fill SR. 
r^">^K©Sftf^^ = aT^J. iafttHHR (1997). £>5VM±*@iR®- 

*m¥»jniK ^^5»7^p-xs, =£±t± (1995) fc^mtatt 

25 *IP||:J^5ll©aiiDNAi:ii, H©7°o*-^-, !)3 
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— — iti'(5-?"i£r+3H£^§51.c?ii' 5> V^S^ 2 <£> :7° n — ^ — «fc VfS&tf 

5 y-— t = »7 h y ^ ^>7°p^-— * — <o/N^f y k/d*-^-) 

/a ^r— ? -^CMV (-tJ h * i/n -f A'* tilMMfc*^ W» — • 
15 ttfcifiK8Bai£^5. 

y nytt^ii^tt, y = ^tf-^- -t? fcigm-rsiie^-e, 

loxP§r^H5-r5^^^ y ^"7 7 — v^lS*© y = >• t'-f — ifCre 
(Sternberg et al. J. Mol. Boil. Vol. 150, 467-486 (1981)), FRT& 
BWi-f" <5l£-e(Saccharomyces cerevisiae) & 5(50 JJ =« *S fcf-?"' — £FLP 
20 (Babineau et al. , J. Biol. Chem. Vol.260, 12313-12319 (1985)), 

^dty-yjj u-rj-tX. ' ;U i OpSRl'7 0 7^ 5 Kft 3|5<DR(Matsuzaki et 

al. , Mol. Cell. Biol. Vol.8, 955-962 (1988) &3S?g.i- 5 ftfi-T- ft if 



25 jl^-^-^-itfe^fism 2 omm^DNA35SESSB/ia^¥A$tlfc^. 
t»B>J-t*5*: $><Dt%W< t LT^V^S t)©t% EGFP (Enhanced Green 
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Fluorescent Protein) -^GFP (Green Fluorescent Protein) t£.X<D% 

HWm^Sa-rSJae^W^n* — ^— ■ffi^or. tffeS, ^r^Ji It 
ft, *frlftj8IJ&0>Nkx2. 5, MEF-2, GATA-4, >L>g£MT^^V. MIo? 

15 ^"v'^fi^ (a -cardiac myosin heavy chain: J^T> aMHChV^) 3c 
6, 5 ^-iX^g^2v (myosin light chain-2v: MLC2v) M £ , flgS^WUft! 
BaO^^-^^-nestin. J$5<£> y T£ffl#3<£>glial fibrillary acidic 
protein (GFAPk £. t> Tfc^fc&ffF^fflJJ&tf) a 7 a h 7° p f-f V 
a-fetroprotein (AFP), (/&§& L7t) flT*ffl/fe<^ 5 ^albumin. # 

20 M^^fflfeO^-^. T-JrlJfr ^osteocalcin, |tf|R /? ,$BJ& • + — Jfi At 
7js ^ ^"^n 5/ ^i^^-f-lpancreatic and duodenal homeobox gene 1 

( pdx-ik ifcw (p^^^ifla) ©fit-u s&^^^m^^^h 

keratinH (K14), fl-f&jffiiftMSOjK^ U7 ^V^ — i? muscle 
creatine kinase^ if^iifS^ © 7* P * — $ — tfS ^ jf ft -5 „ £ jx <D 
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14, ^tLftlO«X.DNAt*HliiM^^ft5^7^5 K 

10 — <Dffl t LTIi, 77/^^^^?-, 1/ ha^-T/l/^^^ 

;jfy-A N hv J 5 #y-A<t^rfbJi5is, mbtcpg^SJxft 

y =1 -tf^iiia^j ^ LTioxPia?ik Es&PB/&7>e>5MbL7 v cg#j£u/i§ 

(DM®.-? — * — t L-CEGFPjte^^5'ia!l^b)li^iag$^, 2o©loxP 
20 IB^JFbH^ f4> ▼ — ft— (DNeoiHs^i: /J?y A^^/UflSIEg;**^ EGFPit 
B*CDTm\Zte^ y Av-^^-/W^IB@$nXV>5 0 y=i^fc*^ 

25 h 0 -fa If y Av'^-T-A'&^a* fttfy Ai/^A^fflV^ r. <k fl* 
£7c, 81 2 OiiamxDNAfi, l2C7"n*-^- (Bl^. Nkx2. 5it 
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|liT-5'{&!]^£>BEB£*LTV^3o y If "J t?CreOT$fDklte> #yAiX 

$ 1 ©0^iDN A tm 2©*alfex.DNA^*A*3xfcESiWlJia*S. @ 



— ic j;sate?-*A&*&^r»#«»«^Jttt-e*5. (a ) 

{g> (b) — lBlia4iU-e»#b7t-^^^ESj|DJia (D3fP!fi) CDl£ft 

KfKfl9X1fe (c) £"ffc^ig [ f 3 <7^**ES£|HJ!& (D3&BJ&) ©*3fcK»*t 
^*^„ ft*^ (a) ~ (c) f± % M0I100T-Ad. CMV-LacZ3rJs£&£i2^ 

•tsEsanja (Riiwas) ©le^A^f ^*t^7 7ffc5, (t>) # 
25 g WiWi&©asij«j*i*xw:prftn:**^J: 9 egfp-c prates *LfcESi&ii& 

©*#«#*^Xffc-e*>3. (a) Utt^yhnw^LX, Ad.CMV- 
LzcZ&mPkZlttc-bfDX', EGFP<Pf§gmftV^ 0 (b) ^ftny howl' 
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tit, Ad. CA-LacZ£^£-erfcb<7}-e. itfc^AS&^t'-ifc LT, 
60~70%fl^iSajSasEGFP©383Uc «fc 9 ^T$Mb£frTV^ 0 (c) Ad.Nkx2. 
5-Cre£$&4B l^Sfc£-&. S&6 0 fc&gS U fc 4> <Z> T» g ftfflft t S frft 
5^B^yi s f!:^ CT^m<fb£ft-tV^5o (d) Ad. aMHC-Cre£fgl3B tC« 

Ad. CMV-LacZ, Ad. Nkx2. 5-CreS.tfAd. a MHC-CreVm^&lfeWJZ&MZ ft 
fcM 60:7 0-1^ h^hy-cO^^-hT'fcSo #60H\ (a) Ad. 
Nkx2.5-Cre. (b) Ad. a MHC-Cre © 36 ^«r*BSK £1*111 £ frtz.MJ&<D$!.1&. 
«UteJtefe©*3tS*«I^St«-e*>*. (a) &©««ft*SEGFP, <P*CD 
10 ^X^^g^cO®ficD^m^^UT*3'9 . ±©«:SMA S TSfihPzK? 

(TM) T% ^Jx^nt^i-5«F»W*tn:#:^J: 5*ffiS*SSfeb 

LT^S. (b) £©^JKfe*!EGFP % **©3£JUfea*BW©«&©36» 

fr-£;fc2p5tfc-<N EGFP t S&KDm&tfm CHBISt*^atT^5 r £ 
tt^5o »7Bf±, fi^lftMm^n^--*-C9CA7 0 P^-*--.RtJ< 
20 jffi $j#^#JiH5 J P©Nkx2. 5^p^— * — <t aMHCT/P^t — ^-tJ: 9 IS 

25 ©/7^? Ks DNA, &m&m. ±ffiW, «FiljRBja*^4r^9ft53t 

I" Current Protocols in Molecular Biology, F. AusubeHb^SU (1994), 
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John Wiley & Sons, Inc. J SfetHc TCulture of Animal Cells; A 
Manual of Basic Technique, R. FreshneyglK ^2jjg(l987), Wiley- 

Lissj \z.mm<Djjm\£mcxft<otc 0 S7c#tc!Sr9;&s^pg9> Esmm. 

<Dmm, & 9 &VMc§§ LTjiiiui&^Brigid Hoganftil^, Hi 1*9 — 

5 xm<Dmip-T~~T/i'}, ififtifjjs(i997) % $>z^i±mnm~m, 

^SUflB-s /<^tv^a7^->y-X8, ^±*t(1995)Jt|B«i©^jSfe. 7* 

Frank L. Graham^?. Manipulation of adenovirus vectors. Chapater 
10 11. pl09-pl28. ; E. J. MurrayiHL Methods in Molecular Biology, 

Vol. 7: Gene Transfer and Expression Protocols (1991). 7r / tf 
-i )V7* ©f^fjUCOV^Tfi. Chen, S-H. et al. , Combination gene 
therapy for liver metastases of colon carcinoma in vivo. Proc. 
Natl. Acad. Sci. USA. (1995) 92, 2477-2581.. 5 IMiMizuguchi 
15 et al, Human Gene Ther. , Vol. 9, 2577-2583, (1998) KUB^O^jfc 

Nkx2. bTkfe^T'n*: — ? — f±> YutzeyK £ V it 7c t> © Sr&ffl 

20 bfc Yutzeybte, Nkx2. Sit^^OS' 1^©^/ A|ItIU Nkx 
2. 5Jie^o^jS5«Pj|«j*38^W«S:^rt6i fS/o^-^-fJSto 
V^-C# LV^ft^rtToTV^S (P^aBttx Development. Vol.125, 4461- 
4470 (1998) fcl!B«). rJttJ;5tg?iji&jS±55' ±»fc<^-3059bp 

1~>&3MC. rtti 9Mv^*§5. 13 J: ?» 5' ±»ft-959bp 

fcsv'^fiigfcirft.fc Oftv^fiJ*, o * 9 $S^W&/&«fc 9 5' ±«t- 
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fc*<Dm^m%3& «fc 9 5' _h»£CD-3059bp<9^S^ -e — # -it^^©±J^ 
S^lacZit^^P. SV40 small t-intron t polyA signal JO*:/ 7 * 5 K 
5 pBlueScript SKKlif A $ 2xfcpNkx2. 5-IA-LacZ^" 7 * ? K £ YutzeyK «fc 
V) ^^.^^i-fit (|¥£Bfi±13Development. Vol.125, 4461-4470 (1998) 
(-IH^)c pNkx2. 5-IA-LacZ (WaJCX*<DmWi,& fi-3059Nkx2. 51acZ) &>b 

0SBna#s6«j^Laczfte^sr38^-rs w ttmmztix^z. 

#^T*. -fjT. % K<OpEGFP-Cl(^ n yfy^, # * o ^#-^6084- 
10 D^bMPS^^WNheliBclI^a^J; 19 EGFP (enhanced green 

fluorescent protein) jUS^P 9 ffi U §1 t> W L EGFPitte^- © M 
5fc$£$rT4 DNA^y 7— ifl(r J; V 5p?#lbLfc 0 P Nkx2. 5-IA-LacZ?rS!| PI 

mmtosaiix-mm T4 DM*°y * 7-ifiT-*a^¥M u §57 

<7*~ ^SrP^C/cfeCalf Intestine Phosphatase (CIP) MM X'fciB 
15 >-@Hb&S Ufc^. !3 ffl LfcEGFPitfi^<!;T4 DNA y T'S^ 

VKj&SrfrV^ zf?*^ KpBS-Nkx2. 5-EGFP£rf£/£ L 

fc. 

— *\ 77X5. KpBS-loxP-Neof4, KpBS246 (I0GIBCO 

BRLtt s Jgjnvitrogenft, # ? n i/#-^10348-019) 0? J) a V fcf T" — if f§ 

20 liia?lJ^>loxPiB^j2©CDF^CQ^/W^-^ P — = V^1r<r h Hindi II- 

BamHIIHJfc % 5' fflfl «fc 0 pGK7° D ^r-* Neoit^^ (G418H£3lJ Wttitte 
bovine growth hormoneOpoly A signals HI £ tbfcifife^ 

Sr#Ai-5r ilti DftUfcLfc. 5 KpBS-loxP-NeoSr»PS^ 

^ONotl-e^O^f LCIP*0 ! 3£fTV^MLfc'b<D pBS-Nkx2. 5-EGFP£ 

25 NotIT-^0 >9 Hi LtcJ&fe^-Mft (te9HMft&2» ej-3059*T'^Nkx2. 5/o 
* — * — N EGFPiUS^, SV40 small t-intron t polyA signal;o^3££ 
ttfcitfc^) <t£, T4 DNAy if pNkx2. 5-EGFP-loxP- 
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NeoSrfEEfe Lfc P Nkx2. 5-EGFP-loxP-Neott „ pBluescript©'* y ^ # — 
5' W£ «?Nkx2. 5itfe^^D*-^- (*g^BB*6jfed=»fe-3059 
£T?K EGFPit'fK^ SV40 small t-intron t polyA signal, loxPfB^J, 
pGIC/P^E- — ^"—^ NeoiS-fK^f-, bovine growth hormone<£>poly A signal, 

r©/7^ $ KpNkx2. 5-EGFP-loxP-Neo5r-^ ^ES^Bfla^ORl^J^f- 
3i hB/KV-Va Vfe (^^^-7 KttOGene Pulser 0,2mm 
©cuvetteT?150mV % 950 ju Fflt) «t 9 itfi-T-^A L T , lB<t!)l 
^IJ51^©7i*<D^:^^I©G418^150 m g/ml(D^^T'LIF(-7 >>*leukemia 
10 inhibitory factor© jj§.$&;tS 6 : IBGIBCO BRLtfc, ^.Invitrogentt. ^ 

P ° n ^ESGRo) mmiDEs'fflffemigmcmz., i-2mffl&\z=* p=— fls+#K: 

©gllfefc «fc 9 G418»tt(D^ P — l/&78mW& bfc c 

ft, ESSBJ9a^i§jftfi N Dulbecco' s Modified Eagle' s Medium (high 
15 glucose^M^F, L-glutamine, llOmg/L sodium pyruvate/5* c^^T : %/ & ■v 
th) NaHCOs, 125 /xM 2-mercaptoethanol ( # 7 *±K 2#i&^T 

(InvitrogenftK 20%fl^ J£4=jfo.TTf ( Invitrogentfc) „ * h 

tetgM#i-3l^fiw ©ESftBJMlMlCIO' U/mLT*LIF^ADxti^#U, 
EGFPSrieB-t**fcAfcSth Ufc^y-r -^-T'25^ p-^P#tt, :§#££*b 

fcNkx2. sate^^o-*— * — bEGFP&^&mi&zmm-rztcibicmm, 

25 ItL-fyj — X16? p — S?.|CiCSt0^7'f^-ty hT? 

^i"*tt>lH*«ofct)Oasi3^ n — ^-efeofc. 4>&< t fer©i3^ p 
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i t fc«fc 9 , embryoid- body <t P^ftS ^$J}£ £ Mfc^M^J* 
5 £ftfc 0 ^©embryoid body&3B g (LIF£|&V^ fc$MblJt#8B*&)&» 6 3 0 

«) *»fe«#©»*iDL^^bLiF*«sjn©Es ms^mmmxmm^mxm 

10 o©^f±ST2&jj&£V^5^*>*lfflMiftflll&©±fcES^/&&©^T 
LIF*jK*I©ES»lll&^»«!i-e#»*i-«^fl2fl*3S-T?fc«. itttLIFSr 
K*^T£.©ST2«BII&©Jifc:ESiRBlS&©*T7~9B«teJ: 19 , ±fc©jfrjK 

oi 5 K&mm.m-r z>mi&m.& t n 5 m smut**:. 

n ©2o©5Hb5fU^i±T7 0f£;^bl4B«-e©# P ©JfWia^t^b 
15 RNA&tttHU RT-PCRft&fT 9 <b , ^^#S^^it{s^F (Nkx2. 5 N a MHC, 
MLC2vfcif) ©$S^JJSS*#aMR3*ifc. *fcPIB#»l©»ll!&»©*&JSESfefe 

Nkx2. 5. MLC2v) 4 if©3§^, <bffi|fgT'# „ i *L b © i SftlEZfBi" S IB JS» 

20 — # % r©4B#^6>14B^O/5^^^kLfciNBjaa^e>ttW LfcRNA 
^bEGFPafi^OmRNASrRT-PCRjfe-eiilB LTt>, V^ffrUcasV-C feHH4 
© Br ft fcj&»ofc 0 ^rLXrtb^OES Mtf>b5HbL7c'frM 

ia»f±. v^*x©es HBja^ B-^d*e>»ii»$ixfct>©t> % s^hm 

25 EGFP©38St>*e>*tfci&»ofc 0 HU3^©J:5^> :i©Nkx2. 5it^K^■7 B P^■ 
^*•— (-3059){i N YutzeyibriS, Development. Vol.125, 4461-4470 (19 

gsj-c^B^L-cv^ &© £ [^^© h<DXh 9, r.©^n* — * — fcig^ 
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Yutzey P> ^ ^ v> 7c LacZit ft 60 f§ 31 £<K © x-galffe T*& ffi "t" 5 

SMBLfctC tMfr ibi*EGFP©3§fi^bH&^60te N ^60Nkx2. 531^^ 
^p*— ^ — fcjRiSnfcftfi^F-fi^fBSWS^jfelSafi^CTfc, EGFPSr 

JfejfeT'ttS W©«BJia^55''fkUfci£fffllpi»Bte*Nkx2. 5^7° n * - * — fe 
15 EGFPiUS^ £3131 3*5 r. fc-C*TSflSU £fc N ir^y-^-T'^gff 

CHiSM l ] 

5' 1B!| <£ !9 N CMVT'p^' — ^ • — (human cytomegalovirus immediate 
early promoter) ifo 5 V*f± CAT" P ^E- — $ — (cytomegarovirus enhancer+ 
20 chicken /? -actin promoter) N -t OTjS t'2o CO loxPlB^J-CK * ftfc 
NeoiUS^. $ btC-t©Tat©"V — *— 3ae^»CEGFPitfi-?-S:iafllbfc 
1 C93&&;iDNA£^if:/9* 5 KpCMV-loxP-Neo-EGFP& btffcpCA- 
loxP-Neo-EGFP*flsjfcLfcas, -£©ff^i®fi£ WTf£fB«i-£ „ 

*-f pcDNA37°7 * ^ K(Invitrogen*±) £ ©J PS^^ ©Bell t BsmlT'^S 
25 LTNeoitfe^£i5U >? ffi U -t ©IWJB&T4 DNA*K U * 7 — iflteSfc: «fc 9 
¥»5fcSNb1"5 (-T^f-— h) 0 pBS246y7^5 K (IHGIBCO BRL*± S 
SElnvitrogenft:) &3i!lPSS?lff ©Hindlll t BamHI-e#J©r LCIP&Si" 3 (-< 
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9 9 — ) 0 :©^fyf-F t^9 9 — <DPl#£T4 DNAU #-if -CEJ&£ 

A£)ftfc:/7 * 5; K<DpBS-loxP-Neo 

n<75pBS-loxP-Neo^$lJP5^^NotIT'^l <9 t±S U T4 DNA# y 9- y 

V^^7^^ KpIRES-EGFP (9 n ^t 1 y ^ tfc % * ^ p ##6064-7) 
&WIB»*Clal£BaiiHI-C*&aiU MCS (^/l^ ^ P - = 1/ 9^4 b) N 
IVS (synthetic intronK IRES (internal ribosome entry site) 
10 V>fc-<^ ^— gP^SrlUllX L. rtt^T4 DNAzKy ^ 7 -if I-C^C^^i-ft 
Lfc r <D4 b t <<9 9 — <£>p]#£rT4 DNA D if — if 

t?7^ a >"T5 r t \c J: (? „ g m<D— 00^7 * 5 RpCMV-ioxP- 

Neo-EGFP3r#fc„ 

$ £>K17°7* 5 KpCMV-loxP-Neo-EGFPSrBgllli EcoRIT'&S LCMV;/ 
15 P*-*-gfl£l&#. T4 DNA#y * 7— i?I^0r»&¥»*fl8fb* CIPfe 
S£Lfc ) 0 — KpAdexlCawt (*#7*±, =» — K 

##6150) SrPmel.tSwalT-^abT. CA7° P ^Er — * — gfl Sr$J 9 ffl U T4 

— h t wim^9 9~(Dffi%-%:T4 DNA V ^—^fX'Rf&^^y-f^ — ^a V 
20 £?TV^ <fe 9— 0(Dg«l7 , 7X; KpCA-loxP-Neo-EGFP£#fc 0 

* 5 KpCMV-loxP-Neo-EGFPfe 6 VMipCA-loxP-Neo-EGFP&S'J * fCE 
SJWflg (D33KBflS) Kxi/^ Hn#V'-i/3yJfetTtfi : FiAL ? 150m 
g/mL G418i:10 s U/L LIFtfablJ L fcES^J33^ T l-2iMfli&*-*- § r. 

25 ^(ClB^Lfcii t> pCMV-loxP-Neo-EGFP£ Jlfe^^A L * P - 

i/£70f@. P CA-loxP-Neo-EGFP£59{@£fc& Lfc„ 

*7t, 5'iMJ:»K Nkx2. 57°P^-i?-(-3059). V =* ^ f^— if OCre 
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3i£'£5-F- % bovine growth hormone poly A signal &rIBS b tzW> 2 <D$iL#l 
iDNA^rf)SL> £ b^^r^Jte^^-^tpTxV £ 4 /U* $ — Ad. 
Nkx2. 5-Cre£TfB<E>,fc ? t^Lfc. 

^-f^7^.5: KpHMCMV6 (Mark Kayft «t 19 : K©^»H±H. 

5 Mizuguchi and M. Kay: Human Gene Ther vol. 10: 2013-201 (1999) l£ 
12^. ^ pyf^tJ; >9IS^) ^NheltMunl-C^a LTCMVT" 

cr*—* — «:6fcV>fc«K:T4 DNAy ^/-f ^3 ^£tTofc 0 $ 

btrOT"^? KfcAflIIT*9Jlff LT4 DNAztfy * 7 -if IT'Sff fiOfi 
T^fc^frV^ (-<^^-). ^CD#^f^^7^5 KpBS185 (IBGIBC0 

10 BRLth, minvitrogentt) <fc "9 Xhol t MluIT'Creitte^ £§J 9 W LTT4 

dna/Jn y ^ 7— -if iT'^yt^^-ft: ufc-r vt- h T4 DNAy if t?7 

■if— v-a y^JS^rfc-^^lf At, * 5 KpHMAp-Cre£#fc 0 o 
3: 9 pHM Ap-Crefi, 7* a ^ — * — £^7t-f % fcM <F> 7 * ? — & Iffi 

15 -IS-p, bovine growth hormone poly A signal Sr^FO^ 0 7 7. FT*fc5o 
it^^!|-elS^ LfcpNXK2. 5-IA-LacZ^NotIi:Xbair-^] <9 tfj LT4 DNAtf? 
y p« 9-if T'¥^*SS^ LfcNkx2. SiHS-^n^r-*-^ (-f V-fr — 
h) Sr. pHMAp-Cre£NotI-eisOB»rLT4 DNAzK V * y — H IX'W-ffifcffiit 
LCIP Lfc^<7 * — T4 DNA!)if-t*f7'f'7 t -v'3 VL, 7*7* 

20 * 5 KpHM-Nkx2. 5-Cre&f#f- 0 

£ £> f^ P HM-Nkx2. 5-CretrI-CeuI, PI-SceI-?#lirr L fc-Y h , & 

bt>*^Txy 4 fr*^? 9—-f=7 7* % KpAdHM4 (Mark Kayft £ 9 tftJf- 
: 7*77.5 KC5#^BfiH. Mizuguchi and M. Kay: Human Gene Ther 
vol. 10: 2013-201 (1999) |Cf2«c) SrI-CeuI, PI-SceI"-C#)®r L fc-<7 

25 T4 DNAy #-if T? 7 ^- > s VfSi i «t 5 , T / *7 <i 

)V7,s<t, $ —-7°? KpAdHM4-Nkx2. 5-Cre£#fc 0 pAdHM4~Nkx2. 5-Cre 
^PacI-e§]^Lm^ tfc 'b0^293^fla^jte^#Ab. 10-14 0 &l£fctj 
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^LfcTr; * -f />*Ad.Nkx2. 5-CreCD ~f y ' — ^ SrEUDt r ;ft,£:293$a 

5i!£i££fTofc C£ft©PiWf±ft?DlclB*Lfc§i;8:fciSIU 

r. <DAd.Nkx2. 5-Crettt h5S*T7V £ 4 /U* * — 1», ftU&tCflS&x 

3=fcl^4fl©;7J&T-pHMAp-Cre{£CA:/P* — * — £t?A It, l^ilw^ 
Sf777 * — Ad. CA-Cre&fEfifc Lfc Ad.CA-Crefifc h5 

M7f/^;^^^?-T\ ftUfeCUSSu itfc^AiHiCA^p^- — 
10 * — ©S!l^lT^Crejt€^^rB^-r5. CA^° p * - * — fiES$B<& tp 

Ad.CA-Cre*«!feS*fc*Btef±^W^fl:ttffi»cB8t>e)i"iBlJ!ai*i 

7/ ^^/U^.^<^ * -Ad. (MV-lacZ & lift iE©#Sfc-effrft Lit. Ad. CMV- 
LacZ£:=§-M0I (multiplicity of infection ; ^ffenTtg^ £ 4 J^T. W/M 
J&m) "Cfl83fe**s x-gal^feT*ittMO|I^^lLfctr5, MOI 

20 LT RU D3<DV>-f ftOES&BJJS-C 1 ^ * 7 ^ — ^-$3^^ 9 . SSUO 

V^-f h<DftmX*h. 30 M0IT'#-< ©wiatJteT-^^A-ct x ioo^e>3 

00 M0IT-100%OESS8JiS(Cit'e^S:^A-r ; 5 £ £ tf* "C t „ Ltf>U 5& 9 
^tffiiBH:MOIS:±»f-f ^5 t *H IS I* £ # * 6 *t« d tfeSfcfc. fflr 
«t A/if^&tb-f lCjR60-80»OiWlja^Jte^-j(jCA*S-e# 5 30 
25 MOIT-^^-rSH^^fToTCo |g|«fcll&&©3Hfc»*&a»ttfcESiftlll&IC 
+ ^4©Ad. CMV-LacZ^ii^^*Tx-gal^feX*Wffi1-5 is V^T tl<D# 
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' iNBJ& Kitted £5g r £ # -Ctfc (» 2B c#fi&)„ Z<D£?\zT 

7/ ^/u*^* — r <hT% ES^fl&f-f&^-iti^M^-f axo^- 
m 1 ©m^X.DNA^II.^-ii^tbfcpCMV-loxP-Neo-EGFPdS^^^A^ 
ttytES^B^©70^ p — 5 *-f 34^^EGFP<^liiiiI-r5H:|{5^JT^ 

10 *>031#l^|^ttT-feofc 0 ^fcr.(D31^<DES^|Bia^ a— ^t-Ad. CA-Cre 

S&ft&fco-CnrttflS^frfc: (r©4^ P->'}±^T3xt>EGFP<Dy7 5 y 
^PCR"C|^tt)o olt K> # / 5 y ^PCR-CEGFPJt€-?-©#A*flt»*i" <b 
fc % Btg&Ad. CA-Cre^^T-^.^ y -=>^t5*iP, J; ^^^©S&V'':? 

15 p-^Srifi^^^S'J-e# 5fc*, £AI*f±$*6ftfcES SB J6 ^ n — 

&Ad.CA-Cre«Jfe£J:5EGFP©3m!&£U:J: 5 N a-^^aiSU 
tSiii: Lfc pCMV-loxP-Neo-EGFPa«3?^i»A$ixfca!) ©34^ p- 
^&Ad.CA-Crefi{Sfc«© (*3tS»ttT?©«*»C J; S ) EGFP31 313$^ T' 
^^H-^y^Lf:t:5, 11* p — ^3&SBGFP3ft365L 4*p— Vrt* 

20 EGFPlUg^T'feofc O^V, pCMV-loxP-Neo-EGFP^^^^A$ ft7t£- 
ff70> P— >a^bl5^ P— >- (llV^^t. V^tbS t 19^ P — V) ©Bfcj 
fc c 

— >5\ pCA-loxP-Neo-EGFPdSge^*A$Hfc59^ p — ^ <£>ES£|flfla £ > 
Ad. CA-Cre^&©EGFP3§3iT*iiLg=* * y - - ^ * L fc <t 16* P 

25 — ^^EGFPet^g^i-S g &)<D ofc„ 

pCMV-loxP-Neo-EGFP £ pCA-loxP-Neo-EGFP# ^ft^n^feM A § ttfcE 
SjHBJStes V^ftfcAd. CA-CrefcflRJfe UftV^-g-, $> § VMiCreiUS^- £ 
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h n — /KOAd. CMV-LacZtD^^^r L/t^-a-. EGFP©"5T8i 

Ad. CA-Cre & £ * tz '<k <£>PCMV-loxP-NeoHEGFP t pCA-loxP-Neo-EGFPd* 
^*tW££^A£;ixfcES^l&<7}EGFPO^i^/W±. l^-f *U'*5V^T 
5 t> P CA-loxP-Neo-EGFP(Z)^^?i/5^o7to - fhltg- < © $9 fcfc T' $& ^ $ ft 
X %fc<D tfflffifc, ESMJ&lZ.tel<^X hCm?°u* — 9 — <fc t)CA/n^- 

itWCfc § b&frtlZo b^UpCMV-loxP-Neo-EGFP^#X$ tbfcES^Safla 
"Ct> pT^l^-<^(7?EGFP<^|gmd^E>tt s £ bicigMv^-fe/^y — * — 
10 X*©fi?W<b¥Sl^i^«b UfcHiltfipCMV-loxP-Neo-EGFP-C'b*®^^ 

•5 £ V> 5 pCA-loxP-Neo-EGFP&/f^T : ?To7c 0 

BUiEO J: 9 pCA-loxP-Neo-EGFP^^^^A^nCre^*©|gm^f- 
15 IoxPX*&-£fotzKeoikm^-&m "9 t±J £ EGFP© 5£3§5i^$:IiE £ tbfc 15 
— i/G9ES MoHv S^©^ t3 — V&/BV^TAd. Nkx2. 5-CreSr/B 
V^fc^ft^^^^^^^T^f-o HU3^ <9 Ad. CA-Cre ^ Wc^# ^^"C. 
Ad. CA-Cre^^lB Wi ± 5 + # "T^Mb £ ft5 I^/KDEGFP?>3§3i. ^ 
ft, ^20 itf^©Ml"</H-It^ ttlMfem U^;U<DEGFP<D 

20 nmmmmbtiz r ^flSfs^ftfc 

ifct^jTlEf-xE^fc, embryoid body-S:^ Lfc5MfcP5^3M- - ©3;? ° 
— ls<DZSm&*:®ift LT^fc 0 £1\ r<^^^^^^-C<^Nkx2. 5 mRNA 
©^gm^RT-PCRX*^ P P^/c <t -5, 3Mb^5 0 g J; t) Nkx2. 5(D|gm 
#91 b^^^^n^o ~ (DtzfrftitmWik 4 0 g ^SMb^ESiBflStCAd. 
25 Nkx2.5-Cre£30 MOIT'^^ $ itfc o£ 9 , 1 0 ^LIFj^M ©ESJM/B 
J#*T*i#* L^^*^^T*embryoid body © fl£/£ £ $D * % $Mbt&»BH*& 
^30 g tCtt&JDLtC$Mf 40 g tCAd. Nkx2. 5-Cre&30 M0IT-^3fc£ 
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■erfc. ftitmmMte&s b i±9 t*i»iTt*i* kegfp^ igfcfc-e 
#5*»J&a*fflmU *Mfcfti»H*&«6B Bit) S3tR»*Ttf*» t» 
v^*i^/u©EGFP38»a*4Sf&i*;h^ wOEGFPO^m«Uil^4>-f o <b E 
bftfc (I41C#I) 0 60 B N fc5VMi8B iT* h y T'^^t J; •? iNB 

{CXEGFP^^m-t-S B#JlBJ&£¥P§Lfc 0 :©7D-N h U -© 
fi?#fT*te, Ad.Nkx2. 5-Cre£^£itfc^<D|i§ttSp N O * 9 Nkx2. 5?§3i. 

/U£ LTAd.Nkx2. U ^Ad. CA-Cre*«|fe$-a:fc»-C©|i6tt* 

£-«r*-rfc<0-O*>3K ^J60%T"feofc (&5lSI#Hg) 0 ;*fl*tt = 

^ h n-/l/t LTAd. Nkx2. 5-CreWftfc>'3 »C Ad. CMV-LacZSr^^ $ -ttfc 

14 3* fit (III rttttpCA-loxP-Neo-EGFPcDJtfe^^^^^A £ tfC 5 E 
15 S^BiteT'(D, Cre^^^iSloxP^^Ot) 7£ £ *lT V^V^BT'WEGFP^Sm 

V> K) 0-0. 2%T*fcofc (|4la, $5i#fi) 0 
•f-Jifc*>ifl!)^*3RT?r±s ^^{-5^^{-^l60%(D^jl&iCiE L< %m<D 

Nkx2.5HmiNBIia*"5rm<t;U, $ bfclMf-<?#S£V>5 i^T?. t^*^^T 

&^T% J(t|i**ifc3NBI&r±i-CK:#*JllLk:Wv>-c#llbx SB, &5 

ftfciifflJl&©EGFPite^<D3§5i{i, SB J&»bJRB«t>, * *B # © SB IS l~ *5 
25 \,^X QkytmUMX-iZo # >3 i*B-e# -5 < £>^©&V^EGFP©3§^£* l 
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0$Bflari>bRNA£tttiS bRT-PCRftCL <£ 9 „ Nkx2. 5JHST- <D3§31 X 'f>$5*l# 

^-fNkx2. 5itfe^. aMHC, MEF2c (i?ft»SWIs?Sf ), GATA4 Ofr 

— # % 20-30%<D ilEB/feK:, foffi£Lft-<D-? — Z — <D¥mWiMT?^l' 
(smooth muscle actin: SMA) N h n 4f $ ^- %/ .1/ (tropomyosin : TM) <D 
m$Lb?*t>tltz. (^6@a#|) t ESana*»feNkx2.5Sr*a't-5»ll&© 
io ^L^n^t (u^fc^ft^m&T-fcW&teT-^S V^^TfJfcSllC) ¥ftE 
f±r.;h,S-T?fc:*< „ Nkx2. 5H:5|ft*-e^^otV^^I5^ 
ftitGs?- © * "C #L-ffi © 3§ £i§m -C* t> -P- £8 IC|S 5 «g ¥ m =f- T? *> 5 r. 

20 »C>ft5©#5>.<bait-e3Smi-S«l* ft'kjl£Mlftiite J PteMEF2C 

J^GATA4/iifSlo^«»$n-Ci3 9 , ^**S*iV^5i i: £ <D «fc 
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h (D X fo 5 o 
C^JSfJ 2) 

*|gP^tiV^^2 ©^P*- * — f±x Nkx2.53tfcT- -fu^ — ? — \Z 

10 3§U!©J2^— /&l$ftWfflt!fe££ Ctca^-f-S/t*^, fg2<P:/p*-* 
—Ad. aMHC-Cre s o£ >3 r ixfi a MHCdS^^i" 5 'L^^^^^^^t-Cre 

15 Ad. aMHC-Crefi^TCD i 9 KLTffrfcLfc. *"f ~> ^f^-Btt* 
# (University of Cincinnati, College of Medicine) CD Jeffrey 
Robbinsft <fc «J *ttfc. a MHC7° P * — A $ V> 5 7° 7 * 
5 K K^P^fi, J. Biol. Chem. Vol. 266, p9180-9185 (1 

99l)tC|Ei6) BamHIirSall-C-aMHCiteT-^a^--^— £-^tf&)5. 

20 5kbCDDN A£i50 <9 ffl U T4 DNAtf? y 9 -if IT?*** 5 ?^ U 

ttWLfc. rftttRobbinsft fc#±ia:JciBt-C## LTV^S J: 5 fc, fclfc 
$^-iX^S^JtfeiF<^3' flB©*&©^* y ^<D — SP> aMHCtf>3' 

25 r. t tfS^SIX-e^ft-CV^,, -^^JS^JlT'^^bfc-<^ ^-OpHMA 
P -Cre£NotlB#?itT*#J$rL. T4 DNAtf 5 * 9 -irlT^ffi SrSPSft 
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— ? — <D5. 5kb(DDNA©fjt t T4 DNA V tf — if X'Rfo £ 

■fe^^^^tbfcy^^ 5 * FpHM-aMHC-Cre£rf£f& L7t„ 31 <D pHM- a MHC 
-Crei7f; f?<itm**>9 $ — 5 KpAdHM4&Hi£#J lX'IB^ Lfc 

5 i^iC, frJPgHif^I-CeuI, PI-ScelT-^^f 5 K&T4 

DNA y # — "t? Xy4 tf— *S 3 >"-f 3 - t \Z X 9 > pAdHM4- a MHC-Cre£# 
fc„ P AdHM4-aMHC-Cre&PacI-C$JliJf L«f»Lfcfc <0 ^293^8^1- ig^^ 
10-14 BmiCfcHI&LfcTx / CW/l'^Ad. a MHC-Cre<2 7° 7 - ^ 

10 fcjsrftot. i(D £ 5 Ulf£/&£*LfcAd. aMHC-Crett, j&Bfl&fclJggSU it 

SlifcWl-ef^jft bfcpCA-loxP-Neo-E6FP^5feJ&3*A*HfcES||iJia^ » — 
^»(D^T'. Cre©J6m&fc:EGFPJ&*Sft< - £ 3 ftfcESflll 

15 SS^ o — ^tUcSr/fl^T* Ad. Nkx2. 5-Cre<Oft:fr OfCAd. aMHC-CreSr^V^ 

||J6'Wl-ClB«Lfc©t>©i:raCTfJfe5^, fc7^HJSMlt?«> Ad.Nkx2. 
5-Cre*$Hbf!*«4B g ti?fe$tT6B g pT % f t $ fl S W H9 /fe «: 

20 9 0 g KUS^£-£T13 0 g fc^&ffcSftfc BttlBia&ir^ V 

gf-TSr £ ^ Lfc„ riXfi^-ftfl^P^^OESJNflJia^^HttOaMHCji 

7&8B g fr'fe 140 g fcfri-fXm^Kfr bthtitz!bX*hZ> 0 ES»IIS©$Mb 

(D^mmt — h<DXh *> , *fc»Cf!8ifli©ttttS:*i-ESiWiia© = ° - 
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Hii£^Jli:^:< IrJ D X 0 KStTOSIRSrfTofc. 

Ad. aMHC-Cre^m^lB B (#fcl$^&9BB) i5, — «P «> «■ Ml lC 
EGFP©»aas*3tSi«lt«IT-eW*fett, (4HbflHt£l0B 
5 B) i»&ttot9 tL, ^ftEtfcasmii-^fcSftU iM40l 

fcVH?&13PS) fcr±EGFP©»af±**:ifcort:fc«>. r<E>B£fc MJ zf 
i/^-eJNHHaSrff bfi L.-fe/uy-^--CEGFPB6tt»lja«:*«IUfc(« 
4|2ld#f$) 0 *|**n*:*liaH:ISi//ifBGFPft38aU"CV'»fc 0 - S&te 
^ttbOiSB/iaw^ttSr^iE-rSfcfcin, RT-PCR<fc S^lfefetct «? „ 

»IIS-C*>5 r. £ &mmx-%tzo r©i9lc*fel-J:^ Nkx2. 5|±f|E^ia 
^t? aMHCfiJlX^S & i: 5 «t 9 -O © H tt Z> <D -f P 

20 \^xmmm2x*j&m^tz.>bffiim®,*, mm^mmx^tcr.t^^, *m 

tx.DNAt>|2 ©|a*;fcDNAfc#fcES*ifi@©ESf|BJS»::T?V 2^ 
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£-f mSFill-C^^ LfcpCA-loxP-Neo-EGFP N pCMV-loxP-Neo-EGFP^ h 
5 Sall#**&«fc J: D . 5' m <fc *)Zk7°v*= — $ — „ Jayift-tfBi 
lB^J<DloxP|E^JT-|S*ttfcneoa^^, # P MB?lk EGFPilfc^ y A 
i2^J^Si$ofclW«DNA|fjT-^e) l 5 f±i bfc 0 — # x 777^^ 
Srf^^i"5 h/»"<* ^~(DpM57°7 ^ 5 K (Mark KayR; J; 9 #£-5- : 
7"7^K KOfp^BfiH. Mizuguchi and M. Kay: Human Gene Ther vol. 
10 10: 2013-2017 (1999) i-fEtSu frf- 7 c — — V 7*^4 h ©MSSl--?:^ 
^tvI-CeuIi:PI-SceI<D*iJPS^m^HSfl^J^Wi-5) te. ■^yU^-^n — 
= :^1f--r h©SalI»»B3?!ISrSallHI*-e«I»f CIPW*T?5feSSlltty 
^KflS&Sb. rtti Jbl3©§] 9 ffi £*tfc glft^DNAftfrtf T4 DNA 

v tf—e&mx'7<{'y—is a ytsr £ m <t *> „ iwof 1 ©a**.D 

15 N Ari^A^tvfcv'^ h*"<**— 5 y KpHM-CA-loxP-Neo- 

EGFP, pHM-pCMV-loxP-Neo-EGFP£r ; 8--*#fc 0 c\ <9pHM-CA-loxP- 

Neo-EGFPs pHM-pCMV-loxP-Neo-EGFP^ h I-Ceul x PI-SceI|#^"C i &)<D 

m.&^&ft*m t> tu u nas^u-et^^fc £ 5 i-ceui, pi-sceii* 

m^M^tltiT^ J trJ/UX^? 7 — 7°7X 5 K <£> pAdHM4 £ t T4 
20 DNAy # — If *s 3 ^-TS n t T\ i«)Oll©Slx.DNA 

5rSf07fy * 5 KpAdHM4-CA-loxP-Neo-EGFP. 

P AdHM4-pCMV-loxP-Neo-EGFP&#* f£j# Lfc 0 

* V) „ P AdHM4-CA-loxP-Neo-EGFP^ pAdHM4-pCMV-loxP-Neo-EGFP&Padl£ 
25 3Kftia«K:293iBBIiaiC h 7^*7*7 a ^b, # fe ft fc * W -H' * ^ 9 
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